The characteristic ophthalmoscopic signs of retinitis pigmentosa are well known, with black pigment deposits, chiefly in the equatorial zone, or with a 'pepper and salt' appearance. In some cases the optic disc may show hyaline bodies or drilsen; in others there is macular degeneration, the features of which are sometimes indistinguishable from those of juvenile macular degeneration of the Stargardt type.
Night blindness is the best-known functional symptom of retinitis pigmentosa (Fig 1) . The dark adaptation curve is a very high monophasic or' a delayed one. In the initial stage it may even be normal and polyphasic; a normal curve is not in'compatible with the existence ofnight blindness, because it refers to global thresholds.
The visual field is characterized by the presence of an annular scotoma, corresponding in localization with the most markedly affected part of the fundus, i.e. the equatorial zone (Fig 2) . The scotoma spreads' slowly, chiefly towards the periphery, so that finally only a temporal and macular islet of vision remain. The temporal islet succumbs first so that the patient, before becoming totally blind, may have to depend exclusively on macular vision. Visual acuity may still be normal when the field has become tubular; in cases of retinitis pigmentosa complicated by macular degeneration, however, visual acuity is affected early; the visual field is then characterized 70 from the first by the presence ofa central scotoma.
Colour vision is always affected; it is reduced to a dichromatic system, known as acquired blueyellow blindness and readily recognized with the aid of Farnworth's Panel D-15 or 100 Hue (Fig 3) . The disturbance in colour vision cannot be recognized, however, with the aid of Ishihara plates or Nagel's anomaloscope, which only reveal a pseudoprotanomalic anomaly quotient.
The pathognomonic functional sign of retinitis pigmentosa is the complete absence of an electro- (Fig 4) . We know nevertheless that very marked stimuli sometimes may produce an a-wave, while some mild cases may even show a small b-wave. There are no specific ERG modifications for a given chorioretinal heredo-degeneration. A certain gradation in the electrical disturbance is found, but only with a rough relationship to the severity and extent of the lesions. In localized retinal degeneration the ERG is essentially characterized by a diminution of the b-wave.
The use of a strong stimulus permits us to distinguish two types of retinal response: (1) Electropositive ERG: the amplitude of the b-wave remains superior to the amplitude of the a-wave; the recuperation curve of the a-wave remains within normal limits. (2) Electronegative type: the b-wave remains below the iso-electric line; these ERGs are found in cases of central degeneration (Stargardt's disease, central pigmentary degeneration, choroidal sclerosis, Sorsby's dystrophy) and in cases of segmentary degenerations. When the greatest part of the retina is involved, the ERG is much more disturbed. The b-wave is always subnormal. The a-wave also shows modifications in amplitude and culmination. The ERG obtained by a strong stimulus is always of the electronegative type. The positive b-wave tends to disappear and only the following components of the ERG remain: al-and a2-wave and a slow negative deflection. A small positive wave can nevertheless still be present. When using twin flashes, the second ERG is characterized by a slow negative deflection and by a complete absence of b-wave. In a further stage, the ERG, obtained by a strong stimulus, presents only a single a-wave (culmination time 17 msec) and a slow negative deflection (slow electronegative type). This type of ERG is found in most central and peri-central degenerations, in myopic choroidosis and sometimes in Leber's congenital tapeto-retinal degeneration.
The particular type of ERG found in peripheral degenerations, choroiderwmia, Fuchs's gyrate atrophy and in generalized choroidal sclerosis is characterized by an a-wave, which is usually subnormal, but sometimes normal in amplitude. The culmination time of this a-wave is high (25 to 40 msec), and it is followed by a slow positive deflection with a culmination time of 90 to 130 msec. The recuperation curve of the a-wave is very rapid, as compared with normal cases.
The critical fusion frequency (C.F.F.) is variably modified. It is diminished when the b- We have developed a standardized electrooculographic technique, which makes it possible to study the electrical rest potential of the eye and its decrease during dark adaptation. Retinitis pigmentosa is characterized, not only by rather low absolute values, but also by'complete absence of the decrease in potential caused in normal subjects by dark adaptation (Fig 5) .
Histological examination in retinitis pigmentosa reveals a series of lesions whose inter-relationships are completely obscure: (1) There is progressive destruction of all nerve-cells, from the periphery inward; the rods are the first to disappear, and this explains the night blindness: subsequently the cones, the external granular layer, the internal granular layer and the ganglion cells are each in turn affected and destroyed. Meanwhile the lost layers are replaced by glial tissue.
(2) Lesions affecting the pigment epithelium. Proliferative epithelial nodules pervade even the most superficial layers of the retina and show a marked tropism for the retinal blood vessels, although the epithelium, which remains in situ, is more likely to lose its pigment. (3) Lesions implicating the retinal blood vessels. They show marked constriction of the lumen, resulting from hyperplasia of the adventitia. (4) Lesions of the choroid. It may show sclerosis of blood vessels and hyperplasia of the stroma. In other cases, however, the choroid is completely normal.
The white specks sometimes seen on ophthalmoscopic examination are caused by drtisen in Bruch's membrane. 
Relation ofChorioretinal Degeneration to Other Lesions
In other parts of the eye the vitreous body responds to retinal degeneration by complete posterior detachment, but without collapse. This detachment gives rise to visualization of a vitreous opacity immediately anterior to the disc. The lens may show, and very early, a complicated cataract at the level of the posterior pole. In the iris there seems to be a correlation between retinitis pigmentosa and Fuchs's complicated heterochromia. We have seen this association in four cases. It has also been described by Winkler (1940) , Franceschetti (1959) and Wolff (1960 personal communication) . Myopia is observed in 50% of cases of retinitis pigmentosa. The refraction curves clearly show that the normal phenomenon of emmetropization no longer exists in the presence of chorioretinal degeneration; this is borne out by the large number of myopic subjects ( Fig 6) . Whereas myopia of more than 2 diopters is only present in 475 % of the eyes of a non-selected population, we found it in 35 % of 141 eyes with retinitis pigmentosa: the difference is statistically significant (p= <0.01).
Keratoconus and glaucoma are slightly more frequent in patients with retinitis pigmentosa than in unselected patients.
Retinitis pigmentosa is very often associated with malformations or diseases of other organs. Complete or partial labyrinthine deafness is diagnosed in about 20 % of cases; statistical study has shown that the retinitis pigmentosa and the deafness can be ascribed to the same abnormal gene. Oligophrenia is diagnosed in 5-10% of cases. This percentage is small, but its significance is increased by the fact that oligophrenia is often observed in the subject's relatives. Epilepsy is relatively frequent in these patients. Their EEGs are often very dysrhythmic and show a low microvoltage. As regards special symptoms, no correlation seems to exist between retinitis pigmentosa and Bremer's status dysgraphicus in so far as this can be considered a clinical entity. The Bardet-Biedi syndrome is chiefly characterized by typical or atypical retinitis pigmentosa, adiposogenital dystrophy, mental disturbances and polydactylism. The four main symptoms are seldom found in complete combination, not only because some of them are facultative or are replaced by so-called equivalents, but also because the condition develops in its complete form only in homozygotes. The syndrome is caused by an autosomally incompletely recessive gene.
Heredo-ataxia caused by spino-ponto-cerebellar degeneration is sometimes associated with retinitis pigmentosa; but this is exceptional, as the retinitis is seen in only 3 % of cases of Pierre Marie disease and is even less frequent in other types of heredo-ataxia.
Another association frequently described is that between retinitis pigmentosa and paralysis of ocular muscles (Barnard & Scholz 1944 ). This syndrome is sometimes supplemented by ataxia, spastic quadriplegia or atrioventricular block.
The resulting syndromeretinitis pigmentosa, ophthalmoplegia and ataxia or spastic quadriplegiais closely related to the Refsum syndrome (retinitis pigmentosa, ataxia and chronic polyneuritis with progressive paresis of the distal part of the extremities). Histopathological findings obtained by Cammermeyer (1956) showed that this Refsum syndrome is a cerebral lipidosis, which brings us to a discussion of the relationship of retinitis pigmentosa and syndromes unmistakably defined as storage or metabolic diseases. There is a marked correlation between retinitis pigmentosa and phosphatide lipidoses. In Tay-Sach's amaurotic idiocy, retinitis pigmentosa is sometimes seen instead of the typical fundus lesions. It is even more frequent in atypical late types of amaurotic idiocy, such as Spielmeyer-Vogt's juvenile form. On the other hand there are families in which Tay-Sachs, Niemann-Pick and retinitis pigmentosa cases occur side by side.
Retinitis pigmentosa has also been observed in cases of cystinuria and cystinosis, Gaucher's disease and Hurler's disease. Alder's leucocyte anomaly, found in a large percentage of cases of Hurler's disease, was also observed in one case of Fuchs's gyrate retinal and choroid atrophy. Alder's anomaly is characterized by the presence of azurophilic granulations in the leucocytes, in our case especially in the neutrophils. The patient, a girl, aged 17, suffered from atrophia gyrata as well as Alder's anomaly. Her parents were first cousins and also presented an isolated Alder's anomaly (which was moreover found in 8 other members of the family in 4 generations). These facts prove that Alder's anomaly can be transmitted in a dominant manner, which has not been previously accepted, and also that the Fuchs's atrophia gyrata chorioidee et retinae probably represents the homozygous state of the gene of Alder's anomaly, the isolated presence of which permits the recognition of the carriers of the gene of atrophia gyrata.
The syndrome of Kornzweig & Bassen (1957) combines retinitis pigmentosa with ataxia, coeliac disease, a peculiar erythrocyte malformation known as acanthrocytosis and a significant hypocholesternemia; it is probably also based on a disturbance in the lipid metabolism and characterized by a disappearance of the P-globulin in the blood serum.
Geographic Distribution and Heredity
Patients with retinitis pigmentosa are found in all parts of the world, and the absolute frequency of the affection fluctuates around 5 per 1,000 in all countries in which determinations were made and which are not characterized by an unusually large percentage of consanguineous marriages. No race is known in which the gene is more frequent. In this respect retinitis pigmentosa differs from other chorioretinal degenerations, e.g. the Tay-Sachs syndrome, which has a remarkably high incidence in Semitic races, and 'malattia leventinese' -a special type of macular degeneration, which is exclusively found in one specific valley of the Ticino.
In Belgium, retinitis pigmentosa is known to be responsible for at least 6% of all cases of blindness; this percentage is undoubtedly below the true value, because atypical forms, e.g. Leber's disease (1869), are insufficiently taken into account. There are reliable statistics for the Netherlands, and it has been established there that Leber's disease causes 5 3 % of cases of blindness in adults.
Three different modes of heredity for retinitis pigmentosa are known (Fig. 7) . The majority of cases present an autosomal recessive heredity. The parents of the subject affected are often consanguineous, although this has been established with certainty in only 25 % of cases. The gene responsible is very widespread and if two unaffected heterozygotes marry one out of four of their children will be affected. Since the absolute frequency of the gene is known (1: 71), a precise genetic prognosis can be established, when parents seek advice as to the possibility of retinitis pigmentosa in an expected child. For example, when both parents are affected the child is bound to be affected also; if only an uncle is affected, the risk amounts to only 0 24 %. A definite diagnosis can be made very soon after birth on the basis of electroretinographic findings. The second mode of heredity is one of regular or irregular autosomal dominance. Some authors suggest that these cases, too, involve an ordinary autosomal recessive gene, whose action becomes dominant because of coupling into another gene. The course of this condition seems to be more benign; general symptoms are less common in this dominant form.
The third mode of heredity is very rare, but exceedingly interesting (Francois 1961) . It is characterized by intermediary sex-linked recessivity, the males showing retinitis pigmentosa with marked progrersive choroidal sclerosis, while the female carriers show no functional symptom, but can be recognized immediately because the fundi show a golden-yellow, glistening reflex, especially in the perimacular region. In a family of 72 members and 4 generations, 5 men were affected and there were 7 female carriers with the tapeto-retinal reflex. One man presented at the same time a segmentary retinitis pigmentosa and tapeto-retinal reflex.
A study of the relative frequencies of the various modes of heredity shows that the sexlinked and the dominant forms are rare as compared with the autosomal recessive form, particularly because the majority of the sporadic cases are in fact also ascribed to autosomal recessivity. Retinitis pigmentosa shows a male predominance, regardless of the mode of heredity. The female sex is invariably less prone to retinitis, so that the heredity may be described as sex-controlled.
In the past few years, much experimental work has been done with the aid of toxins, which selectively affect specific retinal layers. One of the most frequently used substances is iodo-acetic acid, which almost selectively destroys the photoreceptors, and also sodium acetate, which injures the pigment epithelium.
None of this affords any information on the pathogenesis of human retinitis pigmentosa. The majority of authors in recent years have preferred to ascribe the process to 'abiotrophy' or primary precocious ageing of nerve cells, rather than to accept the classic theories of a vascular affection of the choroid or the retina, endogenous intoxication or a diencephalo-hypophyseal affection. It is surprising that no investigator has so far wished to correlate the oetiology of retinitis pigmentosa with metabolic disturbances. Yet such correlations undoubtedly exist.
Related Chorioretinal Degenerations
Retinitis pigmentosa can be atypical in its localization. The retinitis can be macular or perimacular in both eyes; or a certain segment only of the fundus may be affected, the global adaptometric thresholds and ERG findings being virtually normal. Retinitis pigmentosa is always symmetrical, and it is doubtful whether true retinitis pigmentosa could be unilateral. Some thirty reports on apparently verified unilateral retinitis pigmentosa have appeared, but it must be emphasized that these are sporadic cases.
Retinitis pigmentosa can also be atypical in the severity of its lesions. In some pedigrees, individuals may show the typical changes, while others show only discrete fundus changes, e.g. without a single osteoblast. Function in such cases and the ERG response can be normal or subnormal.
Finally, retinitis pigmentosa can be atypical as to the time of onset of symptoms. Night blindness as a rule is noticed during the 10th year of life, while considerable narrowing of the visual field occurs a few years later. One variety of atypical onset is senile retinitis pigmentosa, which does not occur until the age of 50 or 60, and in which choroidal sclerosis is very marked. More frequent and more important is the congenital variety described by Leber (1869); surprisingly, his report was neglected until a monograph by Alstrom & Olson (1957) Retinitis punctata albescens is characterized by the presence of innumerable white specks in the fundi. The condition is very closely related to retinitis pigmentosa; there are many transitional forms and mixed pedigrees. It is important to know that retinitis albipunctata is sometimes virtually stationary, in which case the ERG findings are normal.
The genetic data (mixed pedigrees) also show that a close relation exists between retinitis pigmentosa and two other rare chorioretinal degenerations, viz: gyrate choroid and retinal atrophy of Fuchs, with highly characterized ophthalmoscopic features, and generalized choroid sclerosis with its relatively typical ophthalmoscopic picture.
Choroideremia, however, constitutes a special biotype. It is always characterized by intermediary sex-linked recessivity. The affected males show congenital or progressive centripetal destruction of the choroid and the retina, whereas the female carriers only show peripheral pigmentations, normally not affecting the functions of the retina.
Among the chorioretinal degenerations chiefly affecting the macula there are two conditions sometimes reminiscent of retinitis pigmentosa:
(1) Sorsby's dominant dystrophy, where peripheral pigmentation is also seen. This disease is interesting because the appearance of the lesions is reminiscent of the common chorioretinitis of infections or of vascular origin. The dominant heredity shows, however, that hereditary chorioretinal degeneration is involved. (2) Hereditary macular degeneration: It is well known that the modes of heredity, the ages of onset, the ophthalmoscopic signs and clinical features do not enable us to classify every case of hereditary macular degeneration
The clinical application of a battery of tests for the study of several visual functions gives us a new measuring rod in the estimation of these defects so that we can define and recognize more accurately some types of macular degeneration.
Exudative senile macular degeneration (Francois 1936 ): It may not be generally recognized that this is an hereditary condition but the ophthalmoscopic signs are well known since the excellent contributions from Junius & Kuhnt (1926) and from Coppez & Danis (1926) . Junius-Kuhnt disease has typical functional symptoms: an acquired blue-yellow-blindness, apathological dark adaptation curve and an electronegative ERG.
Central retinitis pigmentosa is a somewhat rare variety of retinitis pigmentosa: the ophthalmoscopic lesions are typical, including osteoblasts, but they are confined to the macular region or the perimacular area. This form may be distinguished from the generalized form of retinitis pigmentosa by the fact that the ERG for a weak stimulus is not entirely abolished and that the dark adaptation curve is better. The defect of colour vision is the same in both forms, namely an acquired blue-yellow-blindness.
Juvenile macular degeneration sensu strictu: The last-mentioned feature provides the best criterion for distinguishingcentral retinitis pigmentosa from juvenile macular degeneration sensu strictu. Indeed, this affection is characterized by an acquired red-green blindness, which evolves toward achromasy, whilst the photopic luminosity curve shifts from normal to protanopic and finally to the normal scotopic function.
The macular regions seem to be covered by a 'snail track', and under it there are yellowish or brownish patches with black pigmentary dots. In some cases the macular lesions are surrounded by large perimacular, yellowish patches or fAbrous strands. The retinal periphery, the optic disc and the retinal vessels are entirely normal.
In addition to the disturbance of the colour sense, the functional symptoms are a reduction of the visual acuity which gradually drops to 1/20 or 1/40, the presence of a central scotoma with smooth slopes, a normal or subnormal dark adaptation curve, and a normal or subnormal ERG. The affection generally begins between the ages of 10 and 40. It never leads to blindness, except in the very rare case, when it is associated with genuine retinitis pigmentosa.
Differential Diagnosis
It should be borne in mind that differential diagnosis between retinitis pigmentosa and acquired diseases of the fundus must be mainly based on ERG examination. Syphilis and some virus infections can cause fundus changes very similar to those of retinitis pigmentosa, but the ERG is usually demonstrable and even remains normal in cases of hyperpigmentation of the fundus caused by rubeolar embryopathy. Structural and functional degenerations of the fundus of exogenous origin are never so complete as genotypical degenerations.
